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ABSTRACT 

Using measured X-ray luminosities to 17 Gamma-Ray Bursts (GRBs) during the afterglow phase 
and accounting for radiative losses, we calculate the kinetic energy of these bursts and investigate its 
relation to other GRB properties. We then use the observed radiated energy during the prompt phase 
to determine the radiative efficiency of these bursts, and explore how the efficiency relates to other 
GRB observables. We find that the kinetic energy in the afterglow phase is directly correlated with the 
radiated energy, total energy as well as possibly the jet opening angle and spectral peak energy. More 
importantly, we find the intriguing fact that the efficiency is correlated with the radiated energy, and 
mildly with the total energy, jet opening angle and spectral peak energy. XRF020903 also seems to 
follow the trends we find for our GRB sample. We discuss the implications of these results for the GRB 
radiation and jet models. 



1. INTRODUCTION 

In the past several years, there has been a significant 
increase in our understanding of the energetics of Gamma- 
Ray Bursts (GRBs). By measuring the fluence during the 
prompt phase (usually when most of the energy is emit- 
ted), and determining the burst redshift and degree to 
which the outflow is beamed from afterglow, one can make 
an estimate of the radiated energy of the burst. Frail et 
al. (2001) showed that in fact most GRBs with measured 
redshifts have radiated energies distributed very narrowly 
around the value 5 x 10^" erg. This conclusion is confirmed 
by Bloom, Frail & Kulkarni (2003) with a larger jet data 
sample. Understanding this energy output is of course cru- 
cial in helping constrain progenitor models. However, an 
often overlooked point in discussing GRB energetics is that 
the radiated energy is not necessarily the total energy of 
the burst. The radiated energy is some unknown fraction 
of the initial kinetic energy of the outflow - i.e. the kinetic 
energy is converted to radiation via some shock (or other) 
interaction(s) in the burst ejecta. It is this kinetic energy 
or, more precisely, the efficiency of converting kinetic en- 
ergy to radiation that must be considered when discussing 
GRB energetics. This efficiency may help us better under- 
stand by what mechanism the kinetic energy becomes radi- 
ation. It may also play an important role in understand- 
ing so-called "X-ray Flashes" (XRFs; GRBs with lower 
spectral peak energy and flux) - i.e. XRFs may well be 
GRBs with much smaller emission efficiency. To assess 
the kinetic energy, the most adequate method is through 
broadband afterglow fits (e.g. Panaitescu & Kumar 2001), 
while another convenient method is to study the X-ray af- 
terglow data alone (Freedman & Waxman 2001). Using 
both methods, it has been found that the kinetic energy - 
corrected for the degree of beaming of the outflow - is also 
narrowly distributed (Panaitescu & Kumar 2001; Piran et 
al. 2001, under the assumption that there is a correlation 
between X-ray luminosity and beaming corrections ) . The 
result (as well as the validity of the Piran assumption) is 
con&med by Berger, Kulkarni & Frail (2003) with a larger 



X-ray afterglow data sample. Although these works are 
the first to present calculations of burst kinetic energies, 
to our knowledge there are no detailed studies of correla- 
tions between kinetic energy or GRB efficiency with other 
burst properties. 

With these points in mind, we derive the absolute values 
of GRB kinetic energy for a large data sample, and inves- 
tigate the behavior of the kinetic energy and efficiency of 
GRBs, in relation to other burst properties (such as ra- 
diated energy, total energy, characteristic jet angle, and 
spectral peak energy). The paper is organized as follows: 
In §2, we describe how to compute the kinetic energy and 
efficiency of GRBs from the observed X-ray afterglow 
data. We also discuss the basic assumptions and caveats 
with our method. In §3, we present our results, includ- 
ing the correlation of kinetic energy and efficiency with 
other burst properties. Our main results shown that both 
kinetic energy and efficiency are correlated with radiated 
energy and to some extent, total energy. There are also 
suggestions of relations with the jet opening (or viewing) 
angle and the spectral peak energy, although additional 
data are needed to confirm this. In §4, we discuss the 
physical implications of these results, and in §5, present 
our summary and conclusions. 



2. COMPUTING GRB EFFICIENCY 
We define the GRB efficiency as 



(1) 



where is the radiated energy in the prompt phase and 
Ek is the burst kinetic energy remaining during the af- 
terglow phase (see below). In what follows, all energies 
will refer to the isotropic equivalent energies. Since both 
energy components are corrected the same way when the 
beaming factor included, the GRB efficiency does not de- 
pend on the unknown beaming configuration, and is there- 
fore jet model independent. The radiated energy is obtain- 
able through direct measurement, and we take ours from 
Table 2 of Bloom, Frail and Kulkarni (2003). The kinetic 
energy can be readily calculated from the X-ray luminosity 
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during the afterglow phase, in the context of the standard 
afterglow model (Mcszaros & Rces 1997; Sari, Piran & 
Narayan 1998). In this model, the specific flux at a partic- 
ular frequency depends on, among other parameters, the 
total kinetic energy in the fireball. In particular, since at 
a late afterglow epoch the X-ray band is above the cooling 
frequency, the X-ray luminosity is only sensitively depen- 
dent on Ek and Cg ^ (the electron equipartition parameter), 
so that the X-ray luminosity at a certain afterglow epoch 
is a sensitive probe for Ek (Freedman & Waxman 2001). 

Using the standard afterglow model (e.g. Hurley, Sari 
& Djorgovski 2002), we can calculate ;y„i, the characteris- 
tic frequency corresponding to the minimum electron en- 
ergy, i/g, the synchrotron "cooling" frequency, and F^^m, 
the peak synchrotron flux, at 10 hr after the burst trigger. 



We finally get 
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where p is the electron particle spectrum index, z is the 
burst redshift, n is the ambient density assumed to be 
constant here, £52 = Ek/lO^"^ erg, €e.-i ~ ee/0.1 is the 
fraction of energy in the electrons , €3,-2 = es/O.Ol is the 
fraction of energy in the magnetic field, tioh = t/10 hr is 
the time of observation, and -Dl, 28 = Dl/IQ^^ cm, where 
is the luminosity distance. 
We consider the X-ray band with typical frequency 
u = 10^^ Hzz^is (which corresponds to ~ 5 keV, the mid- 
energy for the current X-ray detectors such Chandra or 
XMM-Newton) . The specific flux at this frequency at 10 
hours after the burst trigger is: 
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To get the numerical value of the coefflcient, p = 2.2 has 
been adopted. The power indices for various parameters 
are consistent with Freedman & Waxman (2001). The 
"isotropic" X-ray afterglow luminosity at 10 hour is then 
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where 7^ is a factor that accounts for radiative losses dur- 
ing the flrst 10 hours following the prompt phase (Sari 
1997), 
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Taking iio/i = 1 and i^ig = 1, we can \isc the X-ray lu- 
minosity measurements at 10 hours from Bcrgcr, Kulkarni 
& Frail (2003; their Table 2) to calculate E^ at this time 
during the afterglow (without the TZ correction). How- 
ever, this kinetic energy is the amount left at 10 hours 
after the prompt phase. Including the correction factor TZ 
for radiative losses during these initial 10 hours, we can 
estimate the value of the kinetic energy at the end of the 
prow.pt phase ~ 50s. A list of our energies and efficiencies 
is presented in Table 1. We note that our efficiencies are 
relatively high (between 0.4 and 1.0) which challenges the 
simplest internal shock model (Kumar 1999, Panaitescu, 
Spada, & Meszaros 1999), although it has been shown that 
such efficiencies are indeed achievable in an internal shock 
scenario (Beloborodov 2000, Kobayashi & Sari 2001). 

Our error bars on E^ are taken directly from measure- 
ment error listed in Table 2 of Bloom, Frail and Kulkarni 
(2003). For Ek, we compute the error bar from the mea- 
surement error of the X-ray luminosity listed in Table 2 
of Berger, Kulkarni, and Frail (2003), and assume that 
all other parameters are known constants (indeed an im- 
portant assumption as described in the next subsection). 
Finally, with both an error bar on E^f and Ek we can 
compute the error bar on the efficiency Q by the stan- 
dard technique of error propagation (see, e.g, Bevingtion 
& Robinson, 2002). 

Only one XRF (XRF 020903) has been studied to infer 
Ek (Soderberg et al. 2004). In Table 1, we include this 
event although the error bars on the kinetic and radiated 
energies are not available. Because of only one data point, 
for all the correlations discussed below, this XRF event 
is excluded. The data point is however included in the 
flgures when relevant. 

2.1. Caveats 

The absolute value of the kinetic energy of course plays 
a big role in the final conclusions we draw from our anal- 
ysis. This expression depends on the parameters ee,eB, 
and p, but - as one can see from equation 7 above - ap- 
pears to be most sensitive to Cg. Without the radiative 
correction TZ, the kinetic energy decreases (increases) as 
fg increases (decreases) as Ek ex Correcting for 

radiative losses, however, offsets this sensitivity to some 
degree since the exponent of the TZ factor depends on eg. 
For the range of most commonly suggested by the data 
(see e.g., Panaitescu & Kumar 2001; Yost et al. 2003) 
the kinetic energy turns out to be fairly insensitive to eg. 
Meanwhile, increasing the exponent p causes the kinetic 



^When a radiative correction is taken into account it is no longer sensitive to epsilone, see below for more discussion. 
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energy to increase and hence the cfBciency to decrease. 
The dependence on eg, as mentioned above is minimal. 
We also point out that strictly speaking the efSciency we 
define here (i.e. ^ = E^/{E^ + Ef.)) is only an "apparent 
efficiency" . It is the real efficiency only when there is no 
additional kinetic energy injection in the afterglow phase 
(before 10 hour). This caveat has important implications 
for the discussions about the jet models in §4. 

In what follows below, we present results for Cg = 0.3, 
eb = 0-01 and p = 2.2. These are typical values ob- 
tained from multiwavelengths to the afterglow spectra 
(Panaitescu & Kumar 2001; Yost et al. 2003). For the 
often quoted "standard" value of Ce = 0.1, we get quanti- 
tatively the same results within the error bars. Our results 
are qualitatively the same for in the range of 0.01 — 0.3, 
p in the range 2.2 — 2.5 and in the range 0.001 — 0.1. 

3. RESULTS 

We have analyzed the relationship between Ek and E^, 
total energy Etot, characteristic jet angle 9j (as discussed 
below this is the jet opening angle in the uniform jet model 
and essentially the observer's viewing angle with respect 
to the jet axis in the quasi- universal jet model), & spec- 
tral peak energy Ep, as well as ( with these variables. 
In the text, we present all of our analysis, but only show 
the figures for the variables that exhibit either statistically 
significant correlations or have implications in interpreting 
the physics of the outflow. Note that we consider a corre- 
lation "statistically significant" if it is ^ 3a according to a 
standard Kendell's r test (e.g., Press et al., 1994). We also 
point out two important relations which will play a role 
in the interpretation of our results below. These are the 
so-called "Frail" and "Amati" relations. The Frail relation 
(Frail et al., 2001) shows a distinct negative correlation be- 
tween the isotropic radiated energy E^ and the jet opening 
angle in a uniform jet model 6j, such that E^ oc 6~^. The 
consequence of this is that the geometry corrected emit- 
ted energy turns out to be approximately constant (Frail 
et al., 2001, Bloom, Frail & Kulkarni, 2003). This can be 
interpreted in two ways. In the "uniform jet model" (Frail 
et al., 2001), this implies that the same energy is colli- 
mated into different opening angles 9j varying from about 
1 to 30 degrees. In the "quasi-universal jet model" (Rossi, 
Lazzati & Rees, 2002; Zhang & Meszaros 2002; Lloyd- 
Ronning, Dai & Zhang 2004; Zhang et al. 2004), all GRBs 
have approximately the same jet structure with an energy 
that varies (decreases) as a function of angle 9j from the 
jet axis. We will return to these models for the GRB jet 
structure in the discussion. The Amati relation is a rela- 
tion between the isotropic emitted energy and the spectral 
peak energy such that E^ oc E^ (Lloyd, Petrosian & Mal- 
lozzi 2000; Amati et al., 2001; Lamb, Donaghy & Graziani 
2004, Liang, Dai & Wu, 2004) This relation may be pro- 
viding a key to the GRB emission mechanism (Lloyd, Pet- 
rosian & Mallozzi, 2000) and possibly the structure of the 
GRB jet. 

3.1. E^ — Ek 

A Kendell's r test gives the correlation between the ra- 
diated energy Ej and the kinetic energy Ek to be approx- 
imately 3tT with a functional form E^ oc These 
data are plotted in Figure 1. We can see that the XRF 



data point, with a kinetic energy of 1.0 x 10 erg and a 
radiated energy of 1.1 X 10"*® erg qualitatively follows the 
similar dependence. 

The tight correlation between the two components (ex- 
cept the two outliers) is expected. It has been found that 
both components are essentially constants when corrected 
by the geometric factor (Berger et al. 2003). This already 
hints that the two should be correlated. This validates the 
practice of using Ej and Ek interchangably as often done 
in the literature. We note that Berger et al. have also 
pointed that some outliers in their sample with apparently 
low kinetic energy also appear to have a low radiated en- 
ergy, consistent with the trend we find here. 

3.2. 

A Kendell's r test gives the correlation between the effi- 
ciency C and the radiated energy Ey to be approximately 
3(7 with a functional form ( oc £;;^i5±o o5^ These data are 
plotted in Figure 2. Notice that XRF 020903 also falls 
onto the same correlation. This result is very intriguing. 
Although for a single burst one expects a higher radiated 
energy for a higher value of efficiency, there is no a priori 
reason to expect such a correlation to hold among bursts 
without introducing any specific GRB models. In fact, 
if Ej and Ek is linearly correlated, one should expect ( 
to be essentially a constant. Our result is consistent with 
this expectation to first order, since the correlation index 
(0.15) is very shallow. Yet, a positive correlation is re- 
vealed, which hints that there is a high-order non-linear 
dependence between E^ and Ek- Also such a positive cor- 
relation potentially carries more information about GRB 
radiation physics, and may hold the key to differentiate 
among GRB models. We discuss this further in §4. 

3.3. C-Ek 

The Kendell's r test indicates that there is no correla- 
tion between the efficiency ( and the kinetic energy Ek- 

3.4. Ek - Etot 

A Kendell's t test gives the correlation between the ki- 
netic energy Ek and the total energy Etot to be approxi- 
mately 3.6(7 with a functional form Ek oc These 
data are plotted in Figure 3. XRF 020903 also fits the 
trend we find in the GRB sample, as seen in Figure 3. 
Such a correlation is not surprising given the correlation 
between Ek and Ej and the definition of Etot = Ek + E^. 

3.5. C-Etot 

The Kendell's r test indicates that there is no statis- 
tically significant correlation between the efficiency C and 

the total energy Etot- However, although the formal signif- 
icance of the correlation is only ^ 2cr. the data plotted in 
Figure 4 suggest that a trend of increasing for increasing 
Etot- XRF020903 appears to also follow this relationship, 
as evident in Figure 4. 

3.6. Ek — Oj 

A Kendell's r test indicates a very mild negative corre- 
lation between the kinetic energy Ekin and the jet charac- 
teristic angle 0j at the 2.6(7 level, with a functional form 
Ek oc eji '^io-*. These data are plotted in Figure 5. This 
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correlation can be understood as a result of the correla- 
tion between kinetic energy and radiated energy as well 
as the Frail relation which shows that radiated energy is 
inversely proportional to the jet opening angle 9j . There 
was no break in the afterglow lightcurvc observed for XRF 
020903. This could indicate that the characteristic jet an- 
gle is very large (which would imply a late or non-existent 
break in the afterglow light curve), which fits qualitatively 
with the trend of decreasing kinetic energy for increasing 
jet angle, as we see here. 

3.7. Ek — Ep 

A KendeU's t test indicates a 2.2(t (i.e. no significant) 
correlation between the kinetic energy Ek and spectral 
peak energy Ep although the eye suggests otherwise; as- 
suming such a correlation the best fit functional form is 
Ek oc Ep^^^'^. If this correlation is in fact present it can 
be understood as a consequence of the Ek — E-y correlation 
and the Amati relation which shows that E^ is correlated 
with Ep. This implies that the kinetic energy should be 
correlated with Ep. Taken at face value, the power-law 
index of the correlation is also consistent with the Am- 
ati relation. XRF 020903, with a,n Ep ^ 5 keV, seems to 
follow this trend. 

3.8. C-0, 

The Kendell's r test indicates that there is no statisti- 
cally significant correlation between the efficiency ( and 
the jet opening angle 9j, although by eye this trend (de- 
creasing efficiency for increasing jet angle) seems apparent, 
and could be explained as a consequence of the Q — E^ cor- 
relation and the Frail relation. These data are plotted in 
Figure 6. 

3.9. C-Ep 

A Kendell's t test gives the correlation between the 
efficiency C, and the spectral peak energy Ep to be approx- 
imately 2.5a. These data are ploted in Figure 7. One can 
see a clear outlier at high efficiency and Ep w 350 keV. 
Eliminating this outlier, the correlation has a significance 
of 3(7 with a functional form Q oc Ep'^^''^^'^. Such a re- 
lation could be explained by the Q — E^ correlation and 
the Amati relation. Again, XRF 020903 seems to follow 
this trend with its low efficiency (C = 0.1) and Ep = 5 keV. 

Although fits to afterglow spectra do give surprisingly 
similar values for ee, cb, and p among different bursts, we 
of course do not expect that all bursts have exactly the 
same values for these parameters (although simulations of 
particle acceleration in shocks do find consistently an elec- 
tron index with a universal value of 2.2). As mentioned in 
§2, it turns out that the kinetic energy is fairly insensitive 
to the values of es and Cg when the radiative correction 
is taken into account. We can, however, further explore 
the sensitivity of our results to the value of the electron 
index p, by using the measured X-ray afterglow spectral 
index (i.e. column 5 of Table 1 of Berger, Kulkarni & Frail 
2003) to estimate the value of p for each burst. For exam- 
ple, at the time of the afterglow this index is measured, 
we are in an adiabatic, slow-cooling fireball scenario (see, 
e.g. Sari, Piran, & Narayan, 1998). In this case we ex- 
pect that the X-ray spectral index ax = 3p/4 — 1/2. We 



can use this equation to solve for p for each burst, and 
use this p in our computation of the kinetic energy for the 
GRB. It is important to point out that there is large un- 
certainty in value of ax and in fact most of the data from 
Berger, Kulkarni & Frail are consistent with an electron 
index p = 2.2. Nonetheless, we perform this exercise as 
an additional check on the robustness of our results. We 
find that when using individual values of p computed from 
the X-ray afterglow spectral index, all of the correlations 
remain with the same fimctional form as reported above, 
although the siginificance is slightly reduced in the case of 
the C, — Ey correlation (from 3tT to 2.5tT. In the case of the 
Ek-Etot correlation, the significance increases from 3.6a to 

4(7. 

4. DISCUSSION 

We have investigated some correlations between the 
GRB kinetic energy or efficiency and other observables 
such as radiated energy, spectral peak energy, character- 
istic jet angle, etc. Although some of these correlations 
are expected from the Frail and Amati correlations, we 
do discover some new correlations, which give us a further 
glimpse into the physics of GRBs. In particular the corre- 
lation between efficiency C and radiated energy E-y has the 
potential of differentiating between different models for the 
GRB prompt phase (note that this correlation was also in- 
directly suggested in Lamb, Donaghy & Graziani, 2003). 
For example, this relation is consistent with the internal 
shock model. This is because E^^ has been fomid to be 
correlated to the burst variability parameter (a measure of 
the "spikiness" of the prompt phase lightcurvc, Fenimore 
& Ramirez-Ruiz 2000; Reichart et al. 2001). In the in- 
ternal shock model of Kobayashi & Sari (2001), the shells 
separate after each collision and then collide again with 
other shells. Even with the same Lorentz factor contrast, 
more shells lead to more collisions and therefore both a 
higher efficiency and variability. If this hypothesis is true, 
we should see higher efficiency for bursts with higher vari- 
ability. Unfortunately, there are currently not enough data 
to explore a variability relation. This may be tested with 
future missions such as Swift or GLAST. Similarly, future 
more data are needed to verify whether there is a signifi- 
cant C — Etot correlation. 

The C — E^ correlation also plays an important role in 
interpreting the other correlations found in §3 above, when 
combined with previously determined relations {E^ dj"^ 
and Ej oc Ep). For example, the relationship between ( 
and Ep is a consequence of the ( — Ej correlation and the 
Amati relation E^ oc Ep. 

At least for the GRB sample (excluding the XRF data 
point), we have verified that using Ek and E^ interchange- 
ably, as done previously in the studies of both the quasi- 
universal structured jets (Zhang et al. 2004) and the uni- 
form jets (Lamb et al. 2004) , is approximately valid. How- 
ever, the discovered positive — Ej correlation has pro- 
found implications for both jet models. This correlation 
indicates that interchanging Ek and E^ is no longer a good 
approximation in XRFs ( this point has previously been 
made by Soderberg et al. (2003) for XRF020903). In fact, 
Ek of XRF 020903 is one order of magnitude larger than 
Ej. This fact is particularly fatal for the suggestion that 
GRBs have a very narrow jet (Lamb et al. 2004) within 
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the uniform jet model. In that model, it is required that 
GRBs and XRFs all have a same total energy. Since XRFs 
have a very small total prompt emission energy, a narrow 
beam for GRBs is inferred (Lamb et al 2004). However, 
our finding indicates that the total energy of XRFs is actu- 
ally much larger (if the efficiency is the real one). Keeping 
a constant energy, the typical GRB beaming angle should 
be much larger than 1 degree. So even using the argu- 
ments presented in Lamb et al. (2004), the GRB beams 
are not narrow. 

Alternatively, as wo have recently promoted (Zhang et 
al. 2004). GRBs and XRFs may be unified within a frame- 
work of a quasi-universal Gaussian-type jet model. In this 
model, we have also used Ek and Ej interchangeably for 
XRFs. However, the in this model likely changes with 
time. Since the jet is structured with more energy con- 
centrated around the jet axis, there is a pole-to-equator 
energy flow during the interaction of the jet with the am- 
bient medium (Kumar & Granot 2003; Zhang et al. 2004). 
So in this model, the kinetic energy measured at 10 horn- 
after the burst could be much larger than the initial value, 
especially when the line of sight is far away from the jet 
axis (as is required to account for XRFs). Since our cur- 
rent measured efficiency C, is derived by extrapolating the 
inferred kinetic energy measured at 10 hour back to the 
end of the prompt emission without invoking any energy 
injection, the ( — E^ correlation could be simply an "ap- 
parent" correlation due to the pole-to-cquator energy flow. 

Of course, it coifld be the case that the Q—E^ correlation 
is intrinsic. In this picture, XRFs are simply inefficient 
GRBs, but they no longer necessarily share a "standard" 
total energy, and there is no unified picture to incorporate 
both types of events. 

These relations and their physical implications can be 
further explored with the Swift satellite, set to launch in 
September, 2004. For example, if we can get a uniform 
sample of X-ray luminosities at an early epoch (e.g. 1000 
seconds or 1 hour) as well as at later times (say 10 hours), 
we may be able to test whether there is additional injec- 
tion of kinetic energy during the afterglow phase. Swift 
may also allow the C-variability relation to be explored in 
detail, and eventually unveils the origin of the C, — E^ 
correlation. 



5. SUMMARY AND CONCLUSIONS 

We have computed the kinetic energy and radiative ef- 
ficiency of a sample of 17 GRBs and 1 XRF, accounting 
for radiative losses during the initial afterglow phase. We 
have found that both of these GRB properties are related 
to a number of other GRB observables such as radiated 
energy, total energy, jet characteristic angle, and spectral 
peak energy. We have shown that kinetic energy is di- 
rectly proportional to the radiated energy of the burst, 
as well as the total energy and spectral peak energy. The 
kinetic energy also decreases with increasing jet character- 
istic (opening or viewing) angle. More importantly, we 
have also found that the efficiency is correlated with the 
radiated energy of the burst, which appears to be consis- 
tent with an internal shock picture for the GRB prompt 
phase. The efficiency also appears to increase with increas- 
ing total energy and spectral peak energy, and decreases 
with increasing jet angle. XRF 020903 (the only XRF for 
which we are able to compute the kinetic energy and effi- 
ciency) seems to follow all of the trends we find for the 17 
GRBs. 

The relation between kinetic energy and radiated en- 
ergy, efficiency and radiated energy, combined with the 
previously known Frail and Amati relations can explain 
the additional correlations we find in our sample. The 
results arc compatiable with the quasi-miiversal model, 
although a large data sample for the GRB kinetic energy 
derived at an earlier epoch (attainable from the Swift ob- 
seratory) is essential to fully test this hypothesis. The 
results also strongly disfavor a "narrow beam" interpreta- 
tion of GRBs. 

The relationship between efficiency and other GRB pa- 
rameters is an important one in elucidating GRB physics 

- we can further explore these and other relations (such 
as efficiency and variability) and potentially distinguish 
between various GRB radiation and jet models with the 
launch of the Swift satellite in September, 2004. 
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Table 1 



GRB 




Sfc/lO^^erg 






C 






970228 


1.42 ± 0.25 


1.90 ± 0.21 





43 


± 





05 


970508 


0.55 ± 0.06 


0.99 ± 0.14 





36 


± 





04 


970828 


21.98 ± 2.40 


4.06 ± 0.75 





84 


± 





03 


971214 


21.05 ± 2.58 


8.48 ± 0.97 





71 


± 





03 


980613 


0.54 ±0.10 


1.22 ± 0.38 





30 


± 





08 


980703 


6.01 ± 0.66 


2.41 ± 0.63 





71 


± 





06 


990123 


143.79 ± 17.78 


20.28 ± 1.85 





88 


± 





02 


990510 


17.63 ± 2.00 


13.16± 1.12 





57 


± 





03 


990705 


25.60 ±2.03 


0.34 ±0.12 





99 


± 





00 


991216 


53.54 ±5.94 


36.64 ± 1.79 





59 


± 





03 


000210 


16.93 ± 1.41 


0.50 ±0.12 





97 


± 





01 


000926 


27.97 ±9.90 


9.97 ±3.75 





74 


± 





10 


010222 


85.78 ±2.17 


22.79 ±2.48 





79 


± 





02 


011211 


6.72 ± 0.86 


1.32 ± 0.22 





84 


± 





03 


020405 


7.20 ±0.92 


4.60 ± 1.29 





61 


± 





07 


020813 


77.50 ±31.06 


22.16 ±3.15 





78 


± 





07 


021004 


5.56 ±0.72 


8.35 ± 1.45 





40 


± 





05 


XRF020903 


.0011 


.01 




0.10 





Note. — The columns are (left to right): (1) GRB name, (2) 
radiated energy (3) kinetic energy (4)efBciency. 
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Fig. 1. — Radiated energy vs. kinetic energy for our sample of 17 GRBs. The triangular point in the lower right corner 
is XRF020903. 
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Fig. 2. — Efficiency ( vs. radiated energy E^. The triangular point in the lower right corner is XRF020903. 
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Fig. 3. — Kinetic energy vs total energy. The triangular point in the lower right corner is XRF020903. 
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Fig. 4. — Efficiency C vs. total energy Etot- The triangular point in the lower right corner is XRF020903. 




Fig. 5. — Kinetic energy vs jet opening angle. 
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Fig. 6. — Efficiency C vs. jet opening angle 9j. 
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Fig. 7. — Efficiency ^ vs. spectral peak energy Ep. The triangular point in the lower right corner is XRF020903. 



